Background: It has long been theorized that a relatively robust dietary intake impacts cognitive function. The aim of the study was to explore dietary intake and cognitive function in healthy Korean children and adolescents. Methods: Three hundred and seventeen healthy children with no previous diagnosis of neurologic or psychiatric disorders were evaluated (167 girls and 150 boys with a mean age of 11.8 ± 3.3 years). Analysis indicators including food frequency questionnaires (FFQs) consisting of 76 items and neurocognitive tests including symbol digit modalities (SDMT), verbal memory, visual memory, shift attention, reasoning, and digit span (forward and backward) tests were observed and recorded. 
INTRODUCTION
Adequate brain function is a prerequisite for efficient cognition and the performance of organized behavior.
Indeed, the uninterrupted activity of the brain is vitally important to the survival of an organism because it ensures the continuous performance of many essential voluntary
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Balanced nutrition is very important in school-age children, which is a period of vigorous growth, increased activity, and the development of physical and cognitive functions. Food quality and good nutrition are related to brain development and cognitive function, which are important in childhood for health and well-being [2, 3] . From the perspective of neuropsychology, adequate nutrition is essential for healthy brain functioning, optimal learning, and academic performance [4] .
Numerous studies have been conducted about the beneficial and detrimental effects of specific nutrients and ingredients on cognition and behavior [5] [6] [7] [8] . An existing review study focuses on four key dietary components in relation to neurocognitive functioning: 1) dietary fatty acids (including fish oil) and the Mediterranean diet, 2) antioxidants (including vitamins E and C), as well as fruits and vegetables, 3) vitamins B6 and B12 (cobalamin) and folate, and 4) caloric restriction [9] . Another study by Wolraich et al. finds that diets high in sucrose have no significant effects on behavior and cognitive performance in children [10] . Whether or not a child eats breakfast may impact nutrient intake and nutritional status, which, in turn, potentially impact cognition [11] [12] [13] .
Recent years have seen a move away from analyzing the associations between isolated nutrients and brain health to an overall consideration of the effects of dietary behavior or patterns, such as the consumption of junk food or a Mediterranean diet (which is heavily loaded with fruits, vegetables, and fish) [14] [15] [16] [17] .
Looking at the potential effects of diet on learning in young people is of special importance. However, few studies have investigated the association between cognitive function and diet in Korean youth. The aim of this study is to explore the relationship between dietary intake and cognitive function in healthy Korean children and adolescents. 
MATERIALS AND METHODS

Participants and ethics
2) Visual continuous performance test (vCPT)
A modification of the visual two-stimulus GO/NOGO paradigm was used. The task consisted of 400 trials presented to a subject every three seconds. In the task, we se- to press the button in (+) trials, whereas they were told they must not press the button in (∲) trials.
Statistical analyses
All data analyses were performed using Statistical
Package for the Social Sciences (SPSS) version 21.0 (IBM, New York, NY, USA). Data are expressed as the mean value ± standard deviation for continuous variables. Comparisons of males and females were analyzed with independent t-tests. Partial correlation analysis (adjusted for age and total calorie intake) was conducted so that correlation between FFQ data on the consumption of foods (grams) and nutrition and cognitive function could be determined. All tests were two-tailed, and p-values of ＜ 0.05 were considered to represent statistically significant differences.
RESULTS
Ages of subjects ranged from 6-18 years at the time of the cognitive function tests. The mean ages of girls and boys were 11.6 ± 0.3 and 12.0 ± 0.3, respectively. The standard deviation of reaction time in the GO/NOGO test was significantly smaller in girls than in boys. Girls scored significantly higher than boys on the SDMT and verbal memory tests (Table 1) .
In exploring the relationships between discrete nutrients or food additives and various domains of cognitive function, vitamin B1 was shown to significantly correlate with digit span forward and shift attention test scores. In addition, vitamin B6 significantly correlated with digit span forward scores, and SDMT scores significantly correlated with vitamin C and potassium intake ( Table 2) . Table 3 There were many more significant correlations between the results of the GO/NOGO visual continuous performance contrast, a greater intake of vegetables and nuts showed positive correlation with consistency in reaction time in all subjects (Table 5) . Lower SDMT scores indicate poor organic brain function.
DISCUSSION
Shift attention tests are conducted to assess the overall executive function of the frontal lobe [22] . Higher omission error scores indicate a lack of attention, and higher commission errors mean higher impulsivity. Reaction time stands for the speed of information processing, and less variability in reaction time is related to better capacity to maintain consistent attention during vCPT [23] .
When the relationships between each cognitive function test and discrete elements of nutrition were explored, it was observed that the digit span forward test is significantly cor- means that caffeine may deteriorate the speed of information processing. Previous research reports that caffeine has stimulant effects on the brain, and can improve the speed of information processing [25] . Currently, many
Korean students ingest caffeine-containing beverages to raise and maintain alertness [19] . Immediately following the intake of caffeine, its stimulant effects will elevate levels of alertness and will acutely hasten information processing.
But our study shows that the habitual intake of caffeine may have adverse effects to the contrary over time.
Regarding the relationships between specific foods and cognitive function tests, a high intake of noodles sig- has reported that refined sugars are related to mood or cognitive problems [10, 26] . Our results support these previous findings. On the other hand, our data implies that when rice with mixed grains is consumed, the adverse effects of consuming white rice can be mitigated. Accordingly, we highly recommend that children and adolescents consume rice with mixed grains instead of white rice. In the findings of our study, the consumption of fast food and Coca-Cola is also related to poor cognitive function, especially in working memory, SDMT, and reasoning tests. The consumption of fast food also increases impulsivity [17] . Snacks and chocolate are shown to have negative effects on reaction time, as well as on consistency in reaction time. In contrast, vegetables and nuts show protective effects on consistency in reaction time.
Another interesting finding is that girls are superior to boys in terms of verbal memory, SDMT, and consistency in reaction time. There may be several tentative predisposing factors around this finding, but this result is observed over the scope of this study.
Our study verifies that there are various significant relationships between many nutrients, food additives, and specific foods and cognitive function. We were unable to conduct a prospective clinical trial to observe these relationships. But our study includes a great number of subjects, and all the cognitive functions are measured by standardized and sophisticated methods. We can conclude from our results that good nutrition and eating behaviors are highly related to good cognitive function in pediatric and adolescent subjects. On the contrary, bad foods and ingredients contribute to the deterioration of healthy brain function. To further clarify this association, a greater number of subjects and longitudinal research are needed in studies going forward.
